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We present measurements of the Faraday effect in n-type InSb. The Verdet coefficient was de-
termined for a range of carrier concentrations near 1017 cm−3 in the λ = 8µm – 12µm far-infrared
regime. The absorption coefficient was measured and a figure of merit calculated for each sample.
From these measurements, we calculated the carrier effective mass and illustrate the variation of the
figure of merit with wavelength. A method for creating a tunable bandpass filter via the Faraday
rotation is discussed along with preliminary results from a prototype device.
I. INTRODUCTION
Faraday rotation of the polarization state of light is
one of the most well-known non-reciprocal processes in
physics. It is a result of circular birefringence induced
in materials with strong magneto-optical coupling by an
applied magnetic field. Materials exhibiting large Fara-
day rotation, in combination with polarization optics, are
used to break time-reversal symmetry for light propaga-
tion, allowing the use of these materials as isolators in op-
tical communications to protect light sources and detec-
tors from back-reflections in the optical path. The Fara-
day effect has been demonstrated in all classical states
of matter, but only solid-state materials find widespread
application.
Crystalline semiconductors with high carrier mobility
are ideal magneto-optical materials due to the high den-
sity of free carriers with low effective mass and long mean
free time. Such materials have been used for decades to
implement large Verdet coefficients (V = ∆θ/|B|L) - the
constant of proportionality between the change in polar-
ization angle (∆θ), magnitude of the applied magnetic
field (|B|), and material thickness (L) [1]. In the far-
infrared (FIR) range of interest for thermal imaging (λ =
8 µm – 12 µm), the best-performing Faraday rotators are
doped semiconductors where the magneto-optical cou-
pling is dominated by the free carrier effect [2–5]. Taking
the Drude model for a free-electron gas, it can be shown
that the Verdet coefficient varies linearly with the doping
concentration (N) and inversely with the square of the
electron effective mass (m∗) as shown in Equation 1.
V =
µoNq
3λ2
8pi2m∗2nc
(1)
where µ0 is the vacuum permeability, q is the carrier
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charge (−1 for electrons), n is the refractive index, and
c is the speed of light.
The III-V semiconductor InSb has among the lowest
electron effective masses of any known material (m∗ ≈
0.014me for intrinsic InSb) as well as good transparency
below the band edge absorption (0.17 eV), making it a
promising material for magneto-optical devices at long
wavelengths [5, 6]. In addition to polarization rotation
efficiency, low attenuation is equally important for in-
frared optical devices and is quantified by the absorp-
tion coefficient, α. For InSb, this is again derived in the
Drude free-electron gas limit where scattering events are
temporally-separated by mean free time τ , resulting in
Equation 2.
α =
µoNq
2λ2
4pi2m∗nτc
(2)
It is useful to define a figure of merit (FOM) that ac-
counts for both rotation efficiency and optical loss
FOM =
V
α
=
qτ
2m∗
=
µ
2
(3)
where µ is the carrier mobility [2, 3].
Materials with high free-carrier densities typically ex-
hibit large Verdet coefficients across a spectral range de-
fined by their transparency window with large λ2 disper-
sion. At shorter wavelengths approaching the electronic
band gap, free-carrier rotation is reduced and interband
absorption dominates. Since interband rotation opposes
free carrier rotation and is independent of doping, there
will exist a doping region where rotation is very low and
a single doping where it is zero [4, 5, 7]. Additionally,
the Moss-Burstein effect will modify the optical band
gap, altering the usable range of wavelengths. Because of
this trade-off and the doping dependencies of the effective
mass and scattering time, there exists an optimal doping
that maximizes the FOM in the free carrier dominated
range. Some of these dependencies can be easily modeled
via the electronic band structure (e.g. Verdet coefficient
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2versus doping), while others are more complicated (e.g.
temperature dependencies or absorption versus doping)
or may depend heavily on sample preparation and purity
[2, 4, 8]. Therefore, an experimental effort is warranted to
determine the optimal doping for maximizing the FOM.
Our research demonstrates that the ideal carrier con-
centration in InSb at room temperature for applications
in the FIR past 8µm is 3× 1017 cm−3 – 5× 1017 cm−3,
where all wavelengths in the range 8µm – 12 µm have
roughly the same FOM. Moreover, we illustrate that the
Drude model of absorption and the FOM are incorrect
for InSb since additional absorption mechanisms, notably
polar optical scattering, are present. We expect that a
clear understanding of the Verdet and absorption coef-
ficients in InSb with different carrier concentrations and
temperatures will prove important for the future design
of magneto-optical elements for hyperspectral imaging
and other infrared photonics applications [9, 10]. As an
example, we present preliminary results for a prototype
magneto-optical device which utilizes the dispersion of
the Verdet coefficient to implement a tunable bandpass
filter.
II. MATERIALS AND METHODS
II.1. InSb Wafers and Two-Stage Filter
Custom Te-doped InSb crystals were grown by Wafer-
Tech LLC and cut so as to give a different carrier concen-
tration and crystal orientation in each sample. Natural
dopant gradients in the as-grown boules gave carrier con-
centrations ranging from 1.5×1017 to 6×1017 carriers per
cubic centimeter in different wafers. 3-inch wafers were
double-side polished to provide smooth optical quality
surfaces with minimal scattering and diced into 1 cm2
samples.
The two-stage filter was constructed as shown in Fig-
ure 8a: A wire-grid polarizer was sandwiched between
two InSb chips (0.8 mm and 1.6 mm thickness) with anti-
reflection (AR) coatings. The three layers were bonded at
the edges by UV-curing optical adhesive. Commercially-
available proprietary AR coatings were used for con-
structing this prototype bandpass filter. The front and
back polarizers were mounted on rotating mounts with
angles adjusted relative to the wire-grid polarizer as de-
scribed in Section IV.
II.2. Carrier Concentration and Mobility
Carrier concentration and mobility were measured via
the Hall effect using the Van der Pauw method on a
Model 8404 AC/DC Hall Effect Measurement System by
Lake Shore Cryotronics, Inc. 100 nm gold electrical con-
tacts were deposited on the corners of each piece using
an AJA electron beam evaporator. The carrier concen-
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FIG. 1: Experimental setup and signal chain for Verdet
coefficient measurements of InSb. See text for details.
tration was calculated via
N =
I|B|
qL|VH | (4)
where N is the bulk carrier concentration, I denotes the
electric current flowing through the sample, |B| repre-
sents applied magnetic induction, q is the unit charge,
L is the sample thickness, and VH is the average Hall
voltage.
The measurement of the Hall effect also yielded the
carrier mobility, µ. Combined with the carrier effective
mass, it is possible to calculate the Drude mean free time
via the relation
µ =
qτ
m∗
(5)
where τ is the mean free time. The effective mass (m∗)
for n-type InSb of similar doping levels is found in the lit-
erature to be around 0.014me (intrinsic), but this value
is dependent on the dopant concentration [11]. Measure-
ment of the Verdet coefficient across different samples al-
lowed us to determine the variation of the effective mass
with dopant concentration.
II.3. Verdet Coefficient
A schematic of the experimental setup is shown in
Figure 1. Samples were mounted between the poles
of a GMW Associates Model 5405 Electromagnet. A
tunable, linearly-polarized Block Engineering LaserTune
quantum-cascade laser (QCL) was aimed through an
aperture in the magnet. Infrared radiation from the
QCL propagated parallel to the magnet field lines, in-
teracted with the material, and exited the magnet at the
opposite end. The polarization state of the light after
interaction was measured with a rotating polarizer and
photodetector (Block Engineering External IR Detector
Module); the intensity at the detector varied with the
relative angle of the polarizer. A lock-in amplifier (Stan-
ford Research Systems SR844) was used to demodulate
3the pulsed laser intensity at the detector using the QCL
controller as an external trigger. Multiple shots of the
QCL were measured for each polarizer angle to deter-
mine the average intensity; the polarizer was stepped by
a ThorLabs PRM1Z8 precision rotation stage for a full
360◦ rotation in increments of 5◦ – 10◦. The change in
polarization angle due to the Faraday effect was observed
by measuring the change in the absolute polarization of
the escaping light as the strength of the magnetic field
was varied in the material. The magnetic field strength
was modulated by manipulating the current in the elec-
tromagnet and measured near the sample location using
a Senis Hall I1A probe from GMW Associates; the max-
imum achievable field in the setup was approximately
1.7 T since the magnet poles could not be fully closed
with the sample stage in place. The intrinsic background
rotation of the experimental setup was determined by fol-
lowing the same procedure without a sample present in
the chamber and measured to be less than 0.25 ◦T−1 for
all wavelengths.
The transmission intensity data were analyzed
by fitting a surface of the form I(φ, |B|) =
A cos2
(
pi
180 (φ+ ∆θ + δ)
)
+C where A, C, and δ are con-
stants, |B| is the magnetic field strength, and L is the
thickness of the material. Assuming that the Faraday
rotation was linear with the magnetic field, the Verdet
coefficient is obtained from ∆θ = V |B|L. Measurements
of the thickness L were determined to better than 10µm
precision for each sample using a micrometer. All data
fitting was performed using orthogonal distance regres-
sion (ODR), accounting for the experimental uncertainty
in both the dependent and independent variables. An ex-
ample of the collected experimental data and accompany-
ing fit of the model may be seen in Figure 10 in the Sup-
porting Information. The FOM was calculated from the
Verdet coefficient and absorption coefficients extracted
from FTIR measurements of each sample. Precision of
Faraday rotation measurements were on the order of 1◦
for each sample and wavelength, such that the uncer-
tainty in the Verdet coefficient was dominated by preci-
sion of the sample thickness measurements (≈ 3µm).
II.4. Absorption Coefficient
Infrared transmission spectra were measured using a
Bruker Tensor II FTIR Spectrometer. Samples were
placed in the focus of the broadband IR beam and aper-
tures applied to ensure use of near-collimated light at
normal incidence. Background spectra were acquired be-
fore each measurement and multiple scans performed to
compute averaged spectra for each sample.
The transmission spectrum from each sample was used
to estimate the absorption coefficient, α = 4pikλ , which,
along with the Verdet coefficient, determined the FOM at
each wavelength. k is the imaginary part of the complex-
valued refractive index. α is defined such that incident
intensity (I0) is attenuated to I(L) = I0e
−αL, for each
pass through the material. Accounting for multiple inter-
nal reflections via the Fresnel equations, the expression
for α is
α =
1
L
ln
(
−T 2 +√T 4 + 4T 2totalR2
2TtotalR2
)
(6)
where L is the thickness of the material. Since T and
R, the Fresnel coefficients for transmission and reflection
on a single pass through the material, were determined
from the real refractive index n, it was important to verify
that n has small dispersion (dndλ ) at room temperature in
the FIR. Including the dispersion of n produced only a
small correction to the absorption results (see Supporting
Information) and did not alter the conclusions of Section
III.3 which assumed a constant n = 3.927 [12].
III. RESULTS
III.1. Electrical Properties
InSb has a remarkably high mobility on the order of
104 cm2/Vs. A high mobility (µ = qτm∗ ) implies a com-
bination of long mean free time τ and small effective
mass m∗ which determine the free-carrier lifetime and
plasma frequency. Therefore, materials with high mo-
bility should provide the strongest polarization rotation
with little attenuation. Our results for measurements of
the mobility in InSb may be seen in Figure 2a. The mo-
bility decreases at higher doping concentrations due to
stronger scattering effects and increased effective mass.
No clear differences between mobilities in samples with
different crystal orientations are discernible. This is un-
surprising considering the spherical isoenergy surface of
InSb, which implies that the effective mass should be
isotropic in the crystal momentum vector since the curva-
ture of the conduction band is identical in each direction
of reciprocal space [6, 13–16]. Throughout this work, we
observed no significant differences in optical, magneto-
optical, or electrical properties of samples with different
crystal orientations that could not be attributed to the
non-identical carrier concentrations in those samples.
III.2. Verdet Coefficient
Our results for the dispersion of the Verdet coefficients
in InSb with different crystal orientations and carrier
concentrations are presented in Figure 3. The disper-
sion data show good agreement with the λ2 relation from
Equation 1. The linear dependence of V on N is mod-
ified by a linear relationship between m∗ and N , which
approximately accounted for the dependence of the ef-
fective mass on the carrier concentration of our samples.
This variance of the effective mass with carrier concen-
tration prompted studies to optimize the carrier concen-
tration to produce a maximal FOM [2, 3]. Accounting for
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FIG. 2: 2a Carrier mobility as a function of carrier concentration with different crystal orientations measured
using the Hall effect. Color corresponds to carrier concentration and marker shapes indicate the different crystal
orientations (consistent between all figures). 2b The effective mass calculated from our measured Verdet coefficients
and Equation 1 for each wavelength and dopant concentration measured. A linear trend
(m∗(N) = (120.3± 7.2)× 10−5N + (216.5± 2.3)× 10−4) is observed for this range of dopant concentrations and the
line of best fit with error region is shown in black. Vertically stacked data points are for different wavelengths in
8 µm – 12 µm.
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FIG. 3: 3a Measurements of the Verdet coefficient at 8, 9, 10, 11, and 12 micron wavelengths in InSb were shown
to roughly match a λ2 dispersion as in Equation 1 (colored dotted lines). 3b The same Verdet coefficients are plotted
against the measured carrier concentration of each sample. Here, the linear dependence of the Verdet coefficient on
carrier concentration is modified by a linear correction to the effective mass which accounts for the dependence of the
effective mass on carrier concentration (see Figure 2b) and produces a concave curve for each wavelength (dotted
black lines with error regions). In both figures, the color gradient corresponds to carrier concentration. Where not
visible, error bars have been eclipsed by their corresponding marker points.
5the effective mass dependence on N was the only neces-
sary modification, otherwise the data are well-described
within the Drude model.
Using the model from Equation 1, we extracted the
effective mass as a function of the measured carrier con-
centration. The results of this calculation are shown
in Figure 2b. The values calculated here are in good
agreement with previous measurements in highly-doped
InSb [11, 17]. The effective mass increases at higher car-
rier concentrations, indicating a reduced curvature of the
conduction band. The increasing carrier concentration
pushes the Fermi level further up into the conduction
band, filling the lowest conduction band states and pop-
ulating flatter regions of the non-parabolic conduction
band [6, 13, 14, 18]. Optical transitions of the free-
carriers are sensitive to this reduced curvature and re-
sult in a smaller Verdet coefficient at higher concentra-
tions than would be expected in a pure free-electron gas.
Although the effective mass is smallest at lower carrier
concentrations, the magnitude of the Verdet coefficient is
still dominated by the linear scaling of N and increases
as N increases. However, the Verdet coefficient increases
more slowly as the carrier effective mass increases. Since
the Verdet coefficient does not depend on the mean free
time τ and is insensitive to carrier scattering mechanisms,
unlike the absorption coefficient, the Faraday rotation
is well-described by the Drude free-electron gas model
once the effective mass variation due to the non-parabolic
band structure is taken into account [5].
III.3. Absorption Coefficient
The Drude model predicts the absorption of light in
a free-electron gas based on dissipation of energy via
scattering mechanisms quantified by a mean free time
τ [6, 13, 19]. Derivations of the absorption coefficient
(α) based on this model demonstrate a λ2 dispersion as
shown in Equation 2 [3, 19]. Despite the frequent applica-
tion of this model to InSb, whose abundant free carriers
approximate a free-electron gas, it has been shown that
this model is not appropriate for the polar semiconduc-
tors [8]. A strong interaction between conduction and
valence bands in narrow gap materials like InSb forms
non-parabolic bands which is at odds with the parabolic
energy-momentum relationship of a free-electron [14, 16].
We discussed the effects of the non-parabolic band struc-
ture on the effective mass in the previous section. Ad-
ditionally, the strong spin-orbit splitting in InSb and
phonon scattering mechanisms must be included to form
an accurate picture of the band structure and energy dis-
sipation.
Experimental observations have shown, as in our re-
sults plotted in Figures 5 and 4, that the absorption
dispersion for InSb actually follows a λ3-dependence.
This deviation from the Drude λ2 law has been at-
tributed primarily to scattering of free-carriers from lon-
gitudinal optical phonon modes (polar optical scatter-
ing) [8]. Additionally, this suggests the dispersionless
FOM in Equation 3, due to matching λ2 dispersion of
the Verdet and absorption coefficients from the Drude
free-electron treatment, requires modification or revision
[2, 3, 5, 17, 20].
Derivations of the free-carrier absorption in InSb based
on second-order perturbation theory support the ob-
served λ3 dispersion [20]. The derivation by Jensen pro-
vides a general theory of free-carrier absorption in the po-
lar semiconductors, including InSb [8, 15, 21, 22]. Both
discuss how the free-carrier absorption in InSb may de-
viate from λ2 and approaches a λ3 dispersion due to
polar optical or impurity scattering, depending on the
specific dopant concentration and crystal quality. If the
carrier concentration is roughly equal to the impurity
concentration, there exists a crossover where the dom-
inant scattering process transitions from polar optical
to ionic impurities around 1× 1017 cm−3 in InSb [15].
Therefore, the smooth transition to sub-λ3 absorption
below 3× 1017 cm−3 may be a lingering sign of impu-
rity scattering at higher dopant concentrations, as seen
in Figure 4 where we have plotted the absorption or-
der p for a presumed absorption law α = Kλp for each
carrier concentration. A good test for the presence of
impurity scattering would be to measure the absorption
at low temperatures where phonons are more likely to be
frozen out. Cryogenic cooling may be used in this way
to increase the FOM by decreasing the total absorption.
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FIG. 5: 5a Absorption spectra are shown to possess λ3 dispersion in the free-carrier regime (actual fitted absorption
orders are plotted in Figure 4). Noise in the spectrum above 6 mm−1 at the shortest and longest wavelengths is an
artifact of the measurement and was not included in the numerical fit. 5b The absorption (at the wavelengths
indicated by the markers on the left) is plotted against measured carrier concentration. The numerical fit here is
modified by a term in the denominator that implements the linear dependence of effective mass on carrier
concentration (results in Figure 2b) in a Drude-like model for absorption. In both figures, the color gradient
corresponds to carrier concentration. Where not visible, error bars have been eclipsed by their point markers.
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FIG. 6: The FOM is plotted against wavelength (6a) and carrier concentration (6b). Dotted lines are the FOM as
calculated by dividing the absorption and Verdet measurement numerical fits from previous section. It is apparent
that the FOM is not isotropic with wavelength and has a 1/λ dispersion due to the λ3 variation of the absorption
coefficient. We should therefore expect the FOM to have its maximal value near the optical band edge. Free-carrier
absorption models discussed in the text do not account for absorption near the band edge, where the higher absorption
coefficient reduced the measured FOM at λ = 8µm, especially at lower carrier concentrations where the band gap was
narrower due to the Moss-Burstein shift. In both figures, the color gradient corresponds to carrier concentration.
7III.4. Figure of Merit
Our results in Figures 6 and 7 demonstrate that tun-
ing InSb to the optimal FOM for Faraday rotation at a
given wavelength, and especially across a range of wave-
lengths, in the FIR is not quite as simple as choosing the
material with the highest carrier mobility. At the high-
est mobilities, the FOM of the material was greatly en-
hanced at longer wavelengths but was even more sharply
diminished at shorter wavelengths as the Moss-Burstein
effect caused the optical band gap to shrink [11, 17, 23].
Moreover, the FOM continued to decrease as the wave-
length increased away from the optical band edge since
the dispersion of the free-carrier absorption coefficient is
proportional to λ3 while that of the Verdet coefficient
is proportional to λ2, an effect that was ignored in pre-
vious studies which focused on producing isolators at a
single wavelength [2, 3]. As can be seen in Figure 6, the
best performance (i.e. maximum polarization rotation
with low attenuation) was found at photon energies just
below the optical band edge.
Higher values of the FOM are obtained at the expense
of severe attenuation of the shortest wavelengths using
carrier concentrations below 2× 1017 cm−3. Although
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FIG. 7: The FOM is plotted against mobility for 8 µm
and 9 µm wavelengths. A line of best fit is shown for
each (short dash) as well as the theoretical line for the
FOM from the Drude model (long dash). The 8 µm
measurements clearly show the effect of the shifting band
edge absorption at lower mobilities (lower carrier
concentrations) and have a negative slope. The color
gradient corresponds to carrier concentration. Note that
1 cm2V−1s−1 = 180pi × 10−4 T−1.
measurements of the carrier mobility imply that choosing
the smallest carrier concentration delivers a large FOM
(see Figure 2a), Figure 6 indicates that the ideal carrier
concentration must be carefully selected to maximize the
FOM across the desired spectral range. For imaging ap-
plications across the FIR spectral range, the data indi-
cate that the ideal InSb should have a carrier concentra-
tion greater that 3× 1017 cm−3 where the FOM at 8µm
becomes comparable to the FOM at other wavelengths.
Figure 7 shows that the Drude FOM (which Equation
3 equated to half the mobility as in [3]) is not applica-
ble near the optical band edge energy where we see a
negative trend of the FOM with mobility. Even at longer
wavelengths, the Drude FOM underestimates the slope of
the FOM against mobility. This underestimation is mit-
igated by the 1/λ dependence of the true FOM in InSb
as the wavelength increases such that a slope of 12 should
be expected for one wavelength above the optical band
edge and very long wavelengths will have slope < 12 . The
Drude FOM and measured FOM never match in absolute
magnitude in this work; the measured FOM was always
nearly double that of the Drude FOM and approximately
70 ◦T−1 greater than that measured by Hilico et al. in
wafers of similar doping near λ = 9µm [3].
IV. SPECTRAL FILTERING VIA THE
FARADAY EFFECT
Strong dispersion of the Verdet coefficient in highly-
doped InSb may be undesirable for constructing a broad-
band optical isolator, but it can be utilized to assemble a
tunable spectral filter [2, 3]. The basic unit stage of such
a filter has two polarizers positioned at each end of an
n-doped InSb. The first polarizer fixes all wavelengths of
light from a target to be of a particular polarization; the
n-doped InSb rotates the polarization of different wave-
lengths of light by different amounts; the second polarizer
is oriented such that its polarization axis coincides with
the rotation of the desired wavelength, thus allowing it
to pass to a subsequent stage. The desired wavelength
is fully isolated by repeating the basic unit stage and
adding additional InSb-polarizer pairs along the optical
axis. Figure 8a shows the schematic of a 2-stage filter;
additional stages may be added as needed. Each addi-
tional stage will result in further elimination of undesired
wavelengths; however, absorption by the InSb and polar-
izers will eventually limit the number of stages that can
be used in practical systems. Spectral filters can be tuned
by either varying the magnetic field applied to the doped
InSb layers, or by rotating the polarizers while applying
a constant or slowly-varying magnetic field to the doped
InSb layers.
We experimentally demonstrated a 2-stage tunable
bandpass filter as shown in Figure 8a. Two Te-doped
InSb layers with carrier concentration of 2.2× 1017 cm−3
and thicknesses of 0.8 mm and 1.6 mm, respectively,
were stacked in between three wire-grid polarizers. The
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FIG. 8: 8a Schematic of the 2-stage tunable bandpass filter in the demonstration. The Te-doped InSb layers have
carrier concentration 2.2× 1017 cm−3 and are anti-reflection coated. The polarizer axes have relative angles of 85.3◦,
0◦, and −170.2◦. 8b Theoretical calculation of the filter transmittance normalized to its maximum versus magnetic
field strength and wavelength
thicker second layer was meant to further narrow down
the transmission peak. The three polarizer axes were
orientated at relative angles of 85.3◦, 0◦, and −170.2◦.
From the experimentally measured Verdet coefficients of
the two InSb layers, the filter transmittance was calcu-
lated and is shown in Figure 8b as a function of magnetic
field strength and wavelength. As the field strength is in-
creased from 0.5 T to 1.2 T, the filter transmission max-
imum shifts from 12 µm to 8µm.
We mounted the filter on the electromagnet and experi-
mentally demonstrated tunable spectral filtering with the
QCL. Figure 9 shows the experimental data of normal-
ized laser transmittance versus magnetic field strength at
different wavelengths. The filter tuning behavior agreed
well with the theoretical calculation.
In addition to bandpass filters for hyperspectral imag-
ing applications, it is also possible to design and construct
tunable spectral filters using the Faraday effect that block
specific wavelengths. Such notch filters may be used
to protect detectors from laser jamming and cannot be
implemented with tunable filters based on Fabry-Perot
etalons [24, 25]. Additionally, the Faraday effect-based
tunable spectral filters provides superior design flexibility
and robustness. The lack of precision mechanical parts
for tuning optical cavities combined with an ability to
create wider pass bands are excellent advantages of our
Faraday filter over Fabry-Perot filters.
V. CONCLUSION
We have shown measurements of the absorption and
Verdet coefficients in InSb with a range of carrier con-
centrations and three crystal orientations. These mea-
surements are in agreement with claims in the literature
regarding the variation of effective mass with carrier con-
centration and the nature of the free-carrier absorption
in polar semiconductors [2, 5, 15, 21, 26]. We calculated
a FOM for the Faraday rotation performance and drew
a general conclusion about its dispersion and correspon-
dence to the electrical mobility, namely that a one-to-two
relationship cannot generally be drawn between the mo-
bility and the FOM as the Drude model predicts (Equa-
tion 3). The dispersion of the FOM, in particular, has
gone unnoticed in previous literature. Development of
materials for a prototype bandpass filter demonstrated
that selection of ideal doping parameters for applications
across the FIR requires additional consideration of com-
peting absorption mechanisms in InSb (optical phonons)
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FIG. 9: Experimental demonstration of the tunable
bandpass filter. Transmission at a fixed wavelength
between 8 µm – 12 µm was measured as a function of the
magnetic field strength. As the magnetic field was
tuned, the pass band of the 2-stage filter moved between
8 µm – 12 µm.
9and the Moss-Burstein shift of the optical band gap. Our
device utilizes the λ2 dispersion of the Verdet coefficient
to create tunability of the pass band via the magnetic
field, laying the foundation for future photonic devices
in the FIR that require wavelength-selective imaging or
optical isolation.
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VI. SUPPORTING INFORMATION
VI.1. Data Analysis
Figure 10 shows an example fitting detector intensity data with orthogonal distance regression to account for
measurement uncertainties in polarizer angle and magnetic field strength.
VI.2. Effective Mass
Figure 11a shows the variation in the effective mass with the wavelength of the probe radiation used to measure
the Verdet coefficient. Figure 11b was presented previously as Figure 2b.
VI.3. Dispersion of the Refractive Index
We used an IR-VASE ellipsometer to determine whether there is a significant dispersion of the real refractive index,
n, and to verify that our FTIR absorption measurements are realistic. One side of each sample was roughened to
prevent back-reflection and was illuminated with an elliptically polarized light at an incident angle in the vicinity
of Brewster angle. The reflected light intensity and phase were subsequently recorded and analyzed to extract the
optical constants of the materials. Results are shown in Figures 12 and 13.
Although ellipsometry is commonly used to determine the absorption coefficient, we found that the imaginary
refractive index of InSb is too small to be measured reliably even with the best ellipsometry methods. The measured
signal for absorption falls below the noise floor of our instrument and so measurements of the absolute absorption
in the transparent region of InSb between 8µm – 12 µm were not possible with this method. Since it has greater
sensitivity, FTIR was used for the absorption measurements in a transmission geometry. However, to calculate the
absorption coefficient (α), knowledge of the real refractive index is required at all relevant wavelengths. InSb is a high
index material (n ≈ 4) and ellipsometry proved to be a very effective method for measuring n(λ). The optical band
edge can be determined from the absorption measurements in ellipsometry where the absorption rises above the noise
floor of the instrument near the band edge.
Using the true n(λ) in calculations of the absorption coefficient in Figure 13 resulted in very small changes in the
absolute magnitude of α and the order parameter in Figure 14 such that the assumption of a constant n(λ) in the main
text (Figure 5) provided accurate results in the free-carrier regime, despite the use of many samples with different
carrier concentrations (and dispersion of n(λ)).
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FIG. 10: An example of the Verdet measurement and data fitting on an InSb (100) sample with 4.56× 1017 cm−3
carrier concentration at λ = 10µm. The sample is (770.8± 6.7) µm thick. 10a Interpolation of normalized intensity
data as a function of magnetic field strength and polarization angle; the solid black dots indicate where the intensity
surface was sampled by the experimental setup. The broad attenuation centered around 150◦ is due to polarization
bias of the detector. 10b Numerical ODR fit to the experimental data used to extract the total polarization rotation
((186.30± 3.14) ◦T−1). The measured sample thickness is then used to calculate the Verdet coefficient
((241.60± 2.66) ◦T−1mm−1).
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FIG. 11: 11a shows the variation in the effective mass extracted from the Verdet coefficient measured at different
wavelengths. 11b shows the same information as a function of doping concentration with line of best fit and error
region in black. Color gradient indicates the doping concentration in both sub-figures.
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FIG. 12: Measurements of the refractive index via ellipsometry and the inferred linear variation with carrier
concentration of the refractive index at each wavelength. Each sample was measured with identical measurement
techniques and the optical constants extracted from identical models, leading to a reliable measurement of ∆n(λ).
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FIG. 13: The absorption coefficient α is replotted taking into account the corrections due to the dispersion of the
refractive index shown in Figure 12. As is evident from the above plots and Figure 14, the measured absorption
coefficient with these corrections shows minimal deviation from the results of Figure 5a and 5b which assumed a
constant refractive index.
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FIG. 14: The order parameter p is replotted from fits of α(λ) = Kλp which include the refractive index dispersion
corrections. Again, we see no evidence that the conclusions drawn in the main text are affected by the small
corrections for dispersion.
